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(54) Optical recording medium 

(57) Provided is an optical recording medium com- 
prising at least a dye layer, a reflective layer and a pro- 
tective layer provided on a substrate, wherein an azo 
compound or a metal complex thereof having an 
absorption maximum at a wavelength falling in a range 
of 450 to 630 nm and a phthalocyanine compound hav- 
ing an absorption maximum at a wavelength falling in a 
range of 680 to 900 nm are contained in the above dye 
layer. This optical recording medium is an interchange- 
able optical recording medium having good recording 
characteristics, which can be recorded and/or repro- 
duced based on the CD standards with light having a 
wavelength selected from a range of 770 to 830 nm and 
recorded and/or reproduced as well with light having a 
wavelength selected from a range of 620 to 690 nm. 
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Description 

BACKGROUND OF THE INVENTION 

5 (1) Field of the Invention 

The present invention relates to an optical recording medium, specifically to an optical recording medium which is 
capable of recording and reproducing in wavelengths of plural lasers. 

10 (2) Description of the Related Art 

CD-R (CD-Recordable) has been developed and proposed as a write-once type optical recording medium which 
meets compact disk (hereinafter abbreviated as CD) standards (for example, Nikkei Electronics, No. 465, p. 107, Jan- 
uary 23, 1989 issue, and OPTICAL DATA STORAGE DIGEST SERIES vol. 1 , p. 45, 1989). This CD-R is laminated with 

is a recording layer, a reflective layer and a protective layer in this order on a transparent resin substrate, and irradiation 
of a laser beam to the above recording layer at a high power causes physical or chemical change on the recording layer 
and allows information to be recorded thereon in the form of pits. The pits thus formed are irradiated with a laser beam 
at a low power to detect a change in a reflectance, whereby the information recorded in the pits can be reproduced. 
Such an optical recording medium uses a near infrared semiconductor laser having a wavelength falling in a range of 

20 770 to 830 nm for recording and reproducing and meets CD standards such as a red book and an orange book, and 
therefore is characterized by that it is usable for CD players and CD-ROM players. 

In recent years, the development of a semiconductor laser having a wavelength shorter than 770 nm has been 
advanced, and red semiconductor lasers having wavelengths of 680 nm and 635 nm have been put into practical use 
(for example, Nikkei Electronics, No. 592, p. 65, October 11, 1993 issue). Shortening of wavelengths of lasers for 

25 recording and reproducing can make beam spots small and therefore makes it possible to prepare an optical recording 
medium capable of recording and reproducing in a high density. Actually investigated are optical recording media hav- 
ing a large capacity and capable of recording information such as dynamic digital images for a long time by using short 
wavelengths of semiconductor lasers and a data compression technique, and players therefor (for example. Nikkei 
Electronics, No. 589, p. 55, August 30, 1993 issue and No. 594, p. 1 69, November 8, 1 993 issue). However, even if such 

30 high density optical recording media using a red laser and the players therefor have been developed, interchangeability 
with conventional systems which have already been prevailed widely can not be ignored from a viewpoint of continuity 
of softwares. That is, required are optical recording media having such interchangeability that recording/reproducing or 
reproducing is possible with a red laser and recording/reproducing or reproducing is possible as well with a conven- 
tional near infrared semiconductor laser having a wavelength of 780 nm. 

35 Conventional CD and CD-ROM media have less dependence on wavelength in terms of a reflectance and can 
readily be reproduced with players for high density-media. Meanwhile, since conventional CD-R media use dyes in a 
recording layer, the optical characteristics depend greatly on wavelengths, and as a result, the reflectances of the CD- 
R media change to a large extent depending on the wavelengths. For example, while the reflectances to light beam hav- 
ing a wavelength of about 780 nm come up to 65 % or more, the reflectances to red laser having a wavelength selected 

40 from a range of 620 to 690 nm are as small as about 1 0 % and the modulation degrees are small as well because a dye 
used in a recording layer has a large absorptivity and a small refractive index. In addition, large deformation is observed 
on the recording wave forms. A reflectance of about 10 % makes it difficult to detect signals, and even if they could be 
detected by any means, an error rate and a jitter increase, and therefore reproducing with a reproducing player for high 
density-media will be difficult. Further, there have been created the problems that since the reproduction light is inferior 

45 in stability and deterioration is caused merely by reproducing the same truck several times in succession, such conven- 
tional CD-R media can not be fit for practical use. Further, caused is low-to-high recording that a recorded part has a 
larger reflectance than that of a non-recorded part, and the polarity is reverse to that of a conventional CD (high-to-low 
recording). Accordingly, such CD-R media are not preferred. 

A function-separating recording layer in which a dye layer having a high reflectance and causing no change of the 

so state by heat energy of a laser beam and an organic substance layer having a light absorbing power are laminated in 
order is proposed in Japanese Patent Application Laid-Open No. 58-1 12794 (1983) as an example of an optical record- 
ing medium provided with two-layered dye. A medium in which a cyanine dye or merocyanine dye having a high reflect- 
ance and an organic light absorbing layer are laminated is proposed in Japanese Patent Application Laid-Open No. 60- 
239948 (1985). Dye recording layers having different optical constants are proposed in Japanese Patent Application 

55 Laid-Open No. 63-153192 (1988). A medium in which two kinds of organic dyes having different transmittance and 
absorptance to a laser beam having a certain wavelength are laminated is proposed in Japanese Patent Application 
Laid-Open No. 1-110193 (1989). Further, a recording layer comprising an organic two-layer having different transmit- 
tance or melting points to a laser beam having a certain wavelength is proposed in Japanese Patent Application Laid- 
Open No. 4-330649 (1992). However, these proposals are confined to improvement in a reflectance, optical degrada- 
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tion, high sensitivity recording and an error generating rate to a laser beam having a certain wavelength, and they are 
not optical recording media which are usable for recording and reproducing with plural kinds of laser beams. 

Further, it is proposed in Japanese Patent Application Laid-Open No. 61-74149 (1986) to increas a recording 
capacity by providing a difference in a depth direction of pits by means of laminating organic dyes having different 

5 absorbing wavelengths. However, this also is not an optical recording medium which is usable for recording and repro- 
ducing with plural kinds of laser beams. 

On the other hand, media using metal complexes of azo compounds in recording layers are disclosed in Japanese 
Patent Application Laid-Open No. 62-30090 (1987), Japanese Patent Application Laid-Open No. 63-9577 (1988), Jap- 
anese Patent Application Laid-Open No. 63-9578, Japanese Patent Application Laid-Open No. 63-9579, Japanese Pat- 

10 ent Application Laid-Open No. 3-268994 (1991), Japanese Patent Application Laid-Open No. 4-46186 (1992), 
International Patent Application No. W091/14740, Japanese Patent Application Laid-Open No. 4-308791 (1992), Inter- 
national Patent Application No. W091/18057, International Patent Application No. W091/1 8950, Japanese Patent Appli- 
cation Laid-Open No. 4-361088 (1992), Japanese Patent Application Laid-Open No. 5-279580 (1993), and Japanese 
Patent Application Laid-Open No. 6-65514 (1994). However, the media proposed in these publications can not satisfy 

is the orange book and can not be reproduced or recorded and reproduced with beams of 620 to 690 nm. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the problems described above, that is, to provide an optical recording 
20 medium which can be recorded/reproduced or reproduced with light beam having a wavelength selected from wave- 
lengths of 620 to 690 nm and which can be recorded/reproduced or reproduced based on the CD standards as well with 
light beam having a wavelength selected from conventional wavelengths of 770 to 830 nm and has good recording char- 
acteristics. 

Intensive investigations made by the present inventors in order to solve the problems described above have 
25 resulted in completing the present invention. That is, the present invention relates to: 

(1) an optical recording medium comprising at least a dye layer, a reflective layer and a protective layer provided on 
a substrate, wherein an azo compound represented by the following Formula (1) or a metal complex thereof having 
an absorption maximum at a wavelength falling in a range of 450 to 630 nm and a phthalocyanine compound rep- 
30 resented by the following Formula (2) having an absorption maximum at a wavelength falling in a range of 680 to 
900 nm are contained in said dye layer: 



35 




wherein R 1 and R 2 represent independently a hydrogen atom, a substituted or unsubstrtuted alkyl group, a substi- 
tuted or unsubstrtuted aryl group, a substituted or unsubstituted aralkyl group, or a substituted or unsubstituted 
alkenyl group; R 3 , R 4 , R 5 and Rg represent independently a hydrogen atom, a halogen atom, a hydroxyl group, a 
45 carboxyl group, a sulfonic acid group, a sulfonamide group, an amino group, a substituted or unsubstrtuted alkyl 
group, a substituted or unsubstituted alkoxyl group, a substituted or unsubstituted aryl group, a substituted or 
unsubstituted acyl group, a substituted or unsubstituted alkylcarboxyl group, a substituted or unsubstituted aralkyl 
group, a substituted or unsubstituted alkylcarbonylamino group, a substituted or unsubstituted alkylsulfoamino 
group, a substituted or unsubstituted alkylamino group, a substituted or unsubstituted alkylsulfonyl group, or a sub- 
so stituted or unsubstituted alkenyl group; R 1 and R 4 , R 2 and R 6 , and R 1 and R 2 may form rings via linkage groups; 
R 7 represents a hydrogen atom, a halogen atom, a hydroxyl group, a carboxyl group, a sulfonic acid group, a sul- 
fonamide group, an amino group, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxyl 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted acyl group, a substituted or unsub- 
stituted alkylcarboxyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted alkylcarbo- 
55 nylamino group, a substituted or unsubstituted alkylsulfoamino group, a substituted or unsubstituted alkylamino 
group, a substituted or unsubstituted alkylsulfonyl group, a substituted or unsubstituted alkenyl group, a cyano 
group, a nitro group, a mercapto group, a thiocyano group, a chlorosulfonic acid group, a substituted or unsubsti- 
tuted alkyfthio group, a substituted or unsubstituted alkyl azomethine group, or a substituted or unsubstituted 
alkylaminosurfonyl group; X represents a sulfur atom, or N-R 8 (wherein R 8 represents a hydrogen atom, a substi- 
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tuted or unsubstituted alky! group, a substituted or unsubstituted aryt group, a substituted or unsubstituted aralkyt 
group, or a substituted or unsubstituted alkenyl group); Y represents a nitrogen atom or C-R 9 (wherein R 9 is syn- 
onymous with those described in R 7 ); provided that when X is a sulfur atom, Y is a nitrogen atom, and when X is 
N-R 8l Y is C-R 9 : 

5 



10 



15 




(Ye)*, 

20 

wherein Y 1t Y 2 , Y 3 , Y 4 , Y 5 , Y 6 , Y 7 , and Y 8 represent independently a hydrogen atom, a substituted or unsubstituted 
hydrocarbon group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxyl group having 1 to 20 carbon 
atoms, or a substituted or unsubstituted alkyfthio group having 1 to 20 carbon atoms; in the respective combina- 
tions of Y-| and Y 2 , Y 3 and Y 4 , Y 5 and Y 6 and Y 7 and Y 8 , they may be combined to form rings when they are adja- 

25 cent to each other; A 2 , A 3 and A4 represent independently a halogen atom or a nitro group; l 1( l 2 , l 3 and l 4 
represent an integer of 0 to 3; m 1t rr^, rr^ and 1TI4 represent an integer of 0 to 3; and M represent two hydrogen 
atoms, a divalent metal atom, a trivalent or tetravalent substituted metal atom, or an oxy metal; 
(2) an optical recording medium as described in (1), wherein the compound contained in the dye layer and having 
an absorption maximum at a wavelength falling in a range of 450 to 630 nm is a metal complex of an azo compound 

30 represented by the following Formula (3): 



35 




40 

wherein R 1p R 2 , R 4 , R 5 , and R 6 are synonymous with those described in Formula (1); R 10 represents a hydroxyl 
group or a carboxyl group; and R^ represents a hydrogen atom or a halogen atom; 

(3) an optical recording medium as described in (1), wherein the dye layer comprises a single layer structure con- 
taining a mixture of the azo compound represented by Formula (1) or the metal complex thereof having an absorp- 

45 tion maximum at a wavelength falling in a range of 450 to 630 nm and the phthalocyanine compound represented 
by Formula (2) having an absorption maximum at a wavelength falling in a range of 680 to 900 nm; 

(4) an optical recording medium as described in (1), wherein the dye layer comprises a two-layer structure of an 
optical interference layer containing the azo compound represented by Formula (1) or the metal complex thereof 
having an absorption maximum at a wavelength falling in a range of 450 to 630 nm and a recording layer containing 

50 the phthalocyanine compound represented by Formula (2) having an absorption maximum at a wavelength falling 
in a range of 680 to 900 nm; 

(5) an optical recording medium as described in (4), wherein an equation of 70 ^ni x di£300 applies to light beam 
having a wavelength used for recording and reproducing, wherein ni represents a real part of a complex refractive 
index and di represents a layer thickness in the optical interference layer; 

55 (6) an optical recording medium as described in any of (1) to (5), capable of recording and/or reproducing with a 
laser beam having a wavelength A. 1 selected from wavelengths falling in a range of 770 to 830 and capable of 
recording and/or reproducing as well with a laser beam having a wavelength selected from wavelengths falling 
in a range of 620 to 690; 

(7) an optical recording medium as described in (6), capable of reproducing with a laser beam having the wave- 
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length 

(8) an optical recording medium as described in (6) or (7), wherein the laser beam having the wavelength has a 
reflectance of 65 % or more, and the laser beam having the wavelength has a reflectance of 1 5 % rmor , which 
are measured through the substrate; 
5 (9) an optical recording medium as described in (8), wherein the laser beam having the wavelength X 2 has a reflect- 
ance of 20 % or more which is measured through the substrate; and (10) a metal complex of an azo compound 
represented by Formula (4). 




wherein R 1 and R 2 represent independently a hydrogen atom, a substituted or unsubstituted alkyl group having 1 
to 15 carbon atoms, a substituted or unsubstituted aryl group having 6 to 21 carbon atoms, a substituted or unsub- 
20 stituted aralkyl group having 7 to 22 carbon atoms, or a substituted or unsubstituted alkenyl group 2 to 16 carbon 
atoms; 

R n represents a hydrogen atom or a halogen atom; 

Me represents nickel, cobalt, copper, palladium, iron and zinc. 

25 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a cross-sectional structural view of the optical recording medium, wherein; 

1 . substrate, 
30 2. dye layer, 

3. reflective layer, 

4. protective layer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBQPIMENTS 

35 

The present invention shall concretely be explained below. 

The optical recording medium of the present invention has a structure in which a dye layer is formed on a substrate 
and a reflective layer is provided thereon. Further, in order to protect the reflective layer, a protective layer may be pro- 
vided on the reflective layer, or two sheets of media may be stuck together. However, when the dye layer comprises a 

40 two-layer structure of a recording layer and an optical interference layer, a laminating order of the recording layer and 
the optical interference layer may be reversed, and other layers may be present between the substrate and the dye layer 
or the optical interference layer or between the recording layer or the optical interference layer and the reflective layer. 

The materials for the substrate may be any one as long as it transmits rays having wavelengths for recording and 
reproducing. Used are, for example, polymer such as polycarbonate resins, vinyl chloride resins, acrylic resins such as 

45 polymethylmethacrylate, polystyrene resins and epoxy resins and inorganic materials such as glass. These materials 
for the substrate are molded into discoid substrates by injection molding. If necessary, guide grooves and pits for show- 
ing recording positions are formed on the surface of the substrate in some cases. Such guide grooves and pits are pro- 
vided preferably in molding the substrate. They can be provided as well by forming a UV-cured resin layer on the 
substrate. Usually, when the optical recording medium is used for CD, it is a disc having a thickness of about 1.2 mm 

so and a diameter of about 80 to 120 mm, and it has a hole having a diameter of about 15 mm in the center thereof. 

In the present invention, the dye layer is provided on the substrate, and the dye layer of the present invention con- 
tains a compound represented by Formula (1) or a metal complex thereof having a maximum absorption wavelength 
(Xmax) falling in a range of less than 630 nm. Above all, preferred is the compound having a large refractive index and 
a small absorbance at wavelengths of 620 to 830 nm. When the dye layer comprises a two-layer structure of the record- 

55 ing layer and the optical interference layer, an attenuation coefficient at in the optical interference layer containing a 
metal complex of the azo compound as a main component is preferably 0.15 or less, and an attenuation coefficient at 
X 2 is preferably 0.2 or less. 

The azo compound or the metal complex thereof used in the present invention is the azo compound represented 
by Formula (1) described above or the metal complex thereof. In the substituents in Formula (1) described above, a hal- 
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ogen atom includes fluorine, chlorine, bromine and iodine, preferably fluorine, chlorine and bromine. 

The number of carbon atoms indicated in the patent claims for the individual meanings of the various symbols there 
defined corresponds t the total number of carbon atoms including that of possible substituents. 

Whenever appearing in the definition of each one of the individual symbols directed to formulas (1) to (4) the below- 
mentioned groups can comprise the following meanings. 

An alkyl group is an unsubstitued or substitued alkyl group having 1 to 15 carbon atoms in total. The unsubstituted 
alkyl group includes a linear, branched or cyclic alkyl group. A substituent of the substituted alkyl group includes a hal- 
ogen atom, an alkoxyl group, an alkoxyalkoxy group, an alkoxyalkoxyalkoxy group, an alkoxycarbonyl group, an alkoxy- 
carbonyloxy group, an alkoxyalkoxycarbonyloxy group, a hydroxy! group, a hydroxyalkoxy group, a hydroxyalkoxyalkoxy 
group, a cyano group, an acyloxy group, an acyloxyalkoxy group, an acyloxyalkoxyalkoxy group, a sulfonic acid group, 
an alkylcarbonylamino group, an alkylsulfoamino group, a sulfonamide group, an alkylamino group, an amino group and 
an alkylsulfonyl group. 

The above substituents are also the possible substituents of the other listed groups different from an alkyl group, 
whenever they are substituted. 

A linear or branched alkyl group is an alkyl group having 1 to 15 carbon atoms and includes, considering process- 
ability by coating on polycarbonate, acryl, epoxy orpolyolefin substrates, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec- 
butyl, t-butyl, n-pentyl, isopentyl, 2-methylbutyl, 1-methylbutyl, neopentyl, 1,2-dimethylpropyl, 1,1-dimethylpropyl, 
cyclopentyl, n-hexyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3,3-dimethylbutyl, 2,3-dimethyl- 
butyl, 1,3-dimethylbutyl, 2,2-dimethylbutyl. 1,2-dimethylbutyl, 1,1-dimethylbutyl, 3-ethylbutyl, 2-ethylbutyl, 1-ethylbutyl, 
1 ,2,2-trimethylbutyl, 1,1,2-trimethylbutyl. 1 -ethyl-2-methylpropyl, cyclohexyl, n-heptyl, 2-methylhexyl, 3-methylhexyl, 4- 
methylhexyl, 5-methylhexyl, 2,4<iimethylpentyl. n-octyl, 2-ethylhexyl, 2,5<limethyl-hexyl, 2,5.5-trimethylpentyl, 2,4- 
dimethylhexyl, 2,2,4-trimethylpentyl, n-nonyl, n-decyl, 4-ethyloctyl, 4-ethyl-4,5<iimethylhexyl, n-undecyl, n-dodecyl, 
1.3,5,7-tetraethyloctyl, 4-butyloctyl, 6,6-diethyloctyl, n-tridecyl, 6-methyl-4-butyloctyl, n-tetradecyl, n-pentadecyl, 3,5- 
dimethylheptyl, 2,6-dimethylheptyl, 2,4-dimethylheptyl, 2,2,5,5-tetramethylhexyl, 1-cyclo-pentyl-2,2-dimethylpropyl and 
1 -cyclohexyl-2,2-dimethylpropyl. 

An alkoxyalkyl group includes groups having 2 to 15 carbon atoms, such as methoxymethyl, ethoxymethyl, pro- 
poxymethyl, butoxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl, butoxyethyl, n-hexyloxyethyl, 4-methylpentyloxye- 
thyl, 1,3-dimethylbutoxyethyl, 2-ethylhexyloxyethyl, n-octyloxyethyl, 3,5,5-trimethylhexyloxyethyl, 2-methyl-1- 
isopropylpropoxyethyl, 3-methyl-1-isopropylbutoxyethyl, 2-ethoxy-1-methylethyl, 3-methoxybutyl, 3,3,3-trifluoropropox- 
yethyl and 3,3.3-trichloropropoxyethyl. 

The examples of an alkoxyalkoxyalkyl group include methoxyethoxyethyl, ethoxyethoxyethyl, propoxyethoxyethyl, 
butoxyethoxyethyl, hexyloxyethoxyethyl, 1,2-dimethylpropoxyethoxyethyl, 3-methyM-isobutylbutoxyethoxyethyl, 2- 
methoxy-1-methylethoxyethyl, 2-butoxy-1 -methyl ethoxyethyl, 2-(2'-ethoxyl-r-methylethoxy)-1-methylethyl, 3,3,3-trif- 
luoropropoxyethoxyethyl and 3,3,3-trichloropropoxyethoxyethyl. 

The examples of an alkoxyalkoxyalkoxyalkyl group include methoxyethoxyethoxyethyl, ethoxyethoxyethoxyethyl, 
butoxyethoxyethoxyethyl, 2,2,2-trifluoroethoxyethoxyethoxyethyl and 2,2,2-trichloroethoxyethoxyethoxyethyl. 

The examples of an alkoxycarbonyl alkyl group include methoxycarbonylmethyl, ethoxycarbonylmethyl, butoxycar- 
bonylmethyl, methoxycarbonyethyl, ethoxycarbonylethyl, butoxycarbonylethyl, 2,2,3,3-tetrafluoropropoxycarbonyl- 
methyl and 2,2,3,3-tetrachloropropoxycarbonylmethyl. 

The examples of an alkoxycarbonyloxyalkyl group include methoxycarbonyloxyethyl, ethoxycarbonyloxyethyl, 
butoxycarbonyloxyethyl, 2,2,2-trifluoroethoxycarbonyloxyethyl and 2,2,2-trichloroethoxycarbonyloxyethyl. 

The examples of an alkoxyalkoxycarbonyloxyalkyl group includes methoxyethoxycarbonyloxyethyl, ethoxyethoxy- 
carbonyloxyethyl, butoxyethoxycarbonyloxyethyl, 2,2,2-trifluoroethoxyethoxycarbonyloxyethyl and 2,2,2-trichloroethox- 
yethoxycarbonyloxyethyl. 

The examples of a hydroxyalkyl group include 2-hydroxyethyl, 4-hydroxybutyl. 2-hydroxy-3-methoxypropyl, 2- 
hydroxy-3-chloropropyl, 2-hydroxy-3-ethoxypropyl, 3-butoxy-2-hydroxypropyl, 2-hydroxy-3-phenoxypropyl, 2-hydroxy- 
propyl and 2-hydroxybutyl. 

The examples of a hydroxyalkoxyalkyl group include hydroxyethoxyethyl, 2-(2'-hydroxy-r-methylethoxy)-1 -methyl- 
ethyl, 2-(3'-fluoro-2 , -hydroxypropoxy)ethyl and 2-(3'-chloro-2 , -hydroxypropoxy) ethyl. 

The examples of a hydroxyalkoxyalkoxyalkyl group include hydroxyethoxyethoxyethyl, [2'-(2"-hydroxy-1"-methyl- 
ethoxy)-V-methylethoxy]ethoxyethyl, [2-(2 ,, -f luoro-1 M -hydroxyethoxy)-1 '-methylethoxy] ethoxyethyl and [2'-(2 n -chloro-1 "- 
hydroxyethoxy)-1 '-methyl ethoxy]ethoxyethyl. 

The examples of a cyanoalkyl group include 2-cyanoethyl, 2-cyanopropyl, 2-cyanobutyl, 4-cyanobutyl, 2-cyano-3- 
methoxypropyl, 2-cyano-3-chloropropyl, 2-cyano-3-ethoxypropyl, 3-butoxy-2-cyanopropyl and 2-cyano-3-phenoxypro- 
pyl. 

The examples of an acyloxyalkyl group include acetoxyethyl, propionyloxyethyl, butyryloxyethyl, valeryloxyethyl, 1- 
ethylpentylcarbonyloxyethyl, 2,4,4-trimethylpentylcarbonyloxyethyl, 3-fluoro-butyryloxyethyl and 3-chlorobutyryloxye- 
thyl. 

The examples of an acyloxyalkoxyalkyl group include acetoxyethoxyethyl, propionyloxyethoxyethyl, valeryl- 
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oxyethoxyethyl, 1 -ethylpentylcarbonyloxyethoxyethyl, 2 l 4,4-trimethylpentylcarbonyloxyethoxyethyl > 2-f luoroprpiony- 
loxyethoxyethyl and 2-chloropropionyloxyethoxyethyl. 

The examples of an acyloxyalkoxyalkoxyalkyl group include acetoxyethoxyethoxyethyl, propionyloxyethoxyeth xy • 
thyl.valeryloxyethoxyethoxyethyl, 1-ethylpentylcarbonyloxyethoxyethoxyethyl, 2,4,4-trimethylpentylcarbony- 
5 loxyethoxyethoxyethyl, 2-fluoropropionyloxyethoxyethoxyethyl and 2-chloropropionyloxyethoxyethoxyethyl. 

The examples of a halogenated alkyl group include chloromethyl, chloroethyl, 2,2,2-trrfluoroethyl, trifluoromethyl, 
bromomethyl and iodomethyl. 

The examples of a sulfonalkyl group include suffonmethyl, suifonethyl and sutfonpropyl. 

The examples of an alkylcarbonylaminoalkyl group include methylcarbonylaminoethyl, ethylcarbonylaminoethyl, 
10 propylcarbonylaminoethyl, cyclohexylcarbonylaminoethyl and succiniminoethyl. 

The examples of an alkylsulfoaminoalkyl group include methylsulfoaminoethyl, ethylsulfoaminoethyl and propylsul- 
foaminoethyi. 

The examples of a sulfonamidealkyl group include sulfonamidemethyl, sulfonamid ethyl and sulfonamidepropyl. 

The examples of an alkylaminoalkyl group include N-methylaminomethyl, N.N-dimethylaminomethyl, N.N-diethyl- 
is aminomethyl, N.N-dipropylaminomethyi and N,N-dibutylaminomethyl. 

The examples of an aminoalkyl group include aminomethyl, aminoethyl and aminopropyl. 

The examples of an alkylsulfonalkyl group include methylsulfonmethyl, ethylsulfonmethyl, butylsulfonmethyl, meth- 
ylsutfonethyl, ethylsulfonethyl, butylsulfonethyl, 2,2,3,3-tetrafluoropropylsulfonmethyl and 2,2,3,3-tetrachloropropylsul- 
fonmethyl. 

20 The examples of a substituted or unsubstituted alkoxyl group are alkoxyl groups having the same substituents as 
the alkyl groups given above have, and include preferably lower alkoxyl groups such as methoxy, ethoxy, n-propoxy, iso- 
propoxy, n-butoxy, isobutoxy, sec-butoxy, t-butoxy, n-pentyloxy, isopentyloxy, neopentyloxy and 2-methylbutoxy. 

The examples of a substituted or unsubstituted aryl group are aryl groups having the same substituents as the alkyl 
groups given above have, and include preferably phenyl, nitrophenyl, cyanophenyl, hydroxyphenyl, methylphenyl, trif- 

25 luoromethylphenyl, naphthyl, nitronaphthyl, cyanonaphthyl, hydroxynaphthyl, methylnaphthyl and trrfluoromethylnaph- 
thyl. 

The examples of a substituted or unsubstituted acyl group are acyl groups having the same substituents as the 
alkyl groups given above have, and include preferably formyl, acetyl, ethylcarbonyl, n-propylcarbonyl, isopropylcarbo- 
nyl, n-butylcarbonyl, isobutylcarbonyl, sec-butylcarbonyl, t-butylcarbonyl, n-pentylcarbonyl, isopentylcarbonyl, neopen- 

30 tylcarbonyl, 2-methylbutylcarbonyl and nitrobenzylcarbonyl. 

The examples of a substituted or unsubstituted alkylcarboxyl group are alkylcarboxyl groups having the same sub- 
stituents as the alkyl groups given above have, and include preferably lower alkylcarboxyl groups such as methylcar- 
boxyl, ethylcarboxyl, n-propylcarboxyl, isopropylcarboxyl, n-butylcarboxyl, isobutylcarboxyl, sec-butylcarboxyl, t- 
butylcarboxyl, n-pentylcarboxyl, isopentylcarboxyl, neopentylcarboxyl and 2-methylbutylcarboxyl. 

35 The examples of a substituted or unsubstituted aralkyl group are aralkyl groups having the same substituents as 
the alkyl groups given above have, and include preferably benzyl, nitrobenzyl, cyanobenzyl, hydroxybenzyl, methylben- 
zyl, trifluoromethylbenzyl, naphthyl methyl, nitronaphthylmethyl, cyanonaphthylmethyl, hydroxynaphthylmethyl, methyl- 
naphthylmethyl and trifluoromethylnaphthylmethyL 

The examples of a substituted or unsubstituted alkylcarbonylamino group are alkylcarbonylamino groups having 

40 the same substituents as the alkyl groups given above have, and include preferably lower alkylcarbonylamino groups 
such as acetylamino, ethylcarbonylamino, n-propylcarbonylamino, isopropylcarbonylamino, n-butylcarbonylamino, iso- 
butylcarbonylamino, sec-butylcarbonyiamino, t-butylcarbonylamino, n-pentylcarbonyl amino, isoperrtylcarbonylamino, 
neoperttylcarbonylamino, 2-methylbutylcarbonylamino, cyclohexylcarbonylamino and succinimino. 

The examples of a substituted or unsubstituted alkylsulfoamino group are alkylsulfoamino groups having the same 

45 substituents as the alkyl groups given above have, and include preferably lower alkylsulfoamino groups such as meth- 
ylsulfbamino, ethylsulfoamino, n-propylsulfoamino, isopropylsulfoamino, n-butylsulfoamino, isobutylsulfoamino, sec- 
butylsulfoamino, t-butyisulfbamino, n-pentylsulfoamino, isopentylsulfoamino. neopentylsulfoamino, 2-methylbutyisul- 
foamino and cyclohexylsulfbamino. 

The examples of a substituted or unsubstituted alkylamino group are alkyfamino groups having the same substitu- 

50 ents as the alkyl groups given above have, and include preferably lower alkylamino groups such as N-methylamino, 
N.N-dimethylamino, N,N-diethylamino, N,N-dipropylamino and N,N-dibutylamino. 

The examples of a substituted or unsubstituted alkylsulfonyl group are alkylsulfonyl groups having the same sub- 
stituents as the alkyl groups given above have, and include preferably lower alkylsulfonyl groups such as methylsulfonyl, 
ethylsulfonyl, n-propylsulfonyl, isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl, sec-butylsulfonyl, t-butylsulfonyl, n- 

55 pentylsulfonyl, isopentylsulfbnyl, neopentylsulfonyl, 2-methylbutylsurfonyl, 2-hydroxyethyIsulfonyl and 2-cyanoethylsul- 
fonyl. 

The examples of a substituted or unsubstituted alkenyl group are alkenyl groups having the same substituents as 
the alkenyl groups given above have, and include preferably lower alkenyl groups such as propenyl, 1-butenyl, isobute- 
nyt, 1-pentenyl, 2-pentenyl, 2-methyl-1-but nyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,2-dicyanovinyl, 2-cyano-2- 
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methylcarboxylvinyl and 2-cyano-2-methylsulfonvinyl. 

The examples of a substituted or unsubstituted alkylthio group are alkylthio groups having the same substituents 
as the alkyl groups given above hav , and include preferably lower alkylthio groups such as methylthio, ethylthio, n-pro- 
pylthio, isopropylthio, n-butylthio, isobutylthio, sec-butylthio, t-butylthio, n-pentylsthio, isopentylthio, neopentylthio, 2- 
methylbutyrthio and methylcarboxylethylthio. 

The examples of a substituted or unsubstituted alkylazomethine group are alkylazomethine groups having the 
same substituents as the alkyl groups given above have, and include preferably lower alkylazomethine groups such as 
methylazomethine, ethylazomethine, n-propylazomethine, isopropylazomethine, n-butylazomethine, isobutyiazome- 
thine, sec-butylazomethine, t-butylazomethine, n-pentylazomethine, isoperrtylazomethine, neopentylazomethine, 2- 
methylbutylazomethine and hydroxyethylazomethine. 

The examples of a substituted or unsubstituted alkylaminosulfonyl group are alkylaminosulfonyl groups having the 
same substituents as the alkyl groups given above have, and include preferably lower alkylaminosulfonyl groups such 
as N-methylaminosulfonyl, N-ethylaminosulfonyl, N-(n-propyl)aminosulfonyl, N-(isopropyl)aminosulfonyl, N-(n- 
butyl)aminosulfonyl, N-(isobutyl)aminosulfonyl, N-(secbutyl)aminosulfpnyl, N-(t-butyl)aminosulfonyl, N-(n-pentyl)amino- 
sulfonyl, N-(isopentyl)aminosulfonyl, N-(neopentyl)aminosulfonyl, N-(2-methylbutyl)aminosulfonyl, N-(2-hydroxye- 
thyl)aminosurfonyl and N-(2-cyanoethyl)aminosulfonyl. 

The examples of the rings formed by combining with R 4 and R 2 with R 6 via linkage groups include -CH 2 CH 2 -, - 
CH 2 CH 2 CH 2 -, -CH 2 CH(CI)-, -CH 2 C(=0)CH 2 -, -CH 2 C(=0)-, -CH 2 CH 2 C(=0)-, -CH 2 CH(F)- and -CH 2 CH(OH)-. 

The examples of the rings formed by combining with R 2 via a linkage group include -CH 2 CH 2 OCH 2 CH 2 - p - 
CH 2 CH 2 NHCH 2 CH 2 -, -CH 2 CH 2 N(CH3)CH 2 CH 2 -, -CH 2 C(=0)OC(=0)CH 2 -, -CH 2 C(=0)NHC(=0)CH 2 -, - 
CH 2 C(=0)N(CH 3 )C(=0)CH 2 - and -CH 2 CH 2 CH 2 CH 2 CH 2 -. 

The compound of the present invention represented by Formula (1) can be produced in the following manner by 
known methods. That is, an amine component represented by the following Formula (4) is turned into an azo compo- 
nent, which is added to a solution of a coupling component represented by the following Formula (5) to carry out a cou- 
pling reaction, whereby the azo compound represented by Formula (1) is obtained: 



Y-N 




wherein R 1 to R 7> X and Y are synonymous with those described in Formula (1). 

In the present invention, the metal complex of the azo compound described above can be produced by known 
methods, for example, a method described in Furukawa, Analytica Chimica Acta 140 (1982), 281 to 289. Preferred as 
a metal for forming the metal complex of the azo compound are, for example, metals such as nickel, cobalt, iron, ruthe- 
nium, rhodium, palladium, copper, osmium, iridium, platinum, zinc and magnesium, and more preferred are nickel, 
cobalt, copper, palladium, iron and zinc. They are used in the forms of acetates, halides and BF 4 " salts to form com- 
plexes in which the metals are coordinated to the azo compounds in the forms of Ni 2+ , Co 2+ , Co 3+ , Cu 2+ , Pd 2 \ Fe 2+ , 
Fe 3+ and 2n 2+ . The metal complexes of the azo compounds may be used alone or in a mixture of the plural compounds. 

The examples of the azo compound of the present invention represented by Formula (1) and the metal complex 
thereof are shown in Table 1 . 
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In the present invention, a phthatocyanine compound contained in the dye layer is the phthalocyanine compound 
represented by Formula (2) having an absorption maximum in a wavelength range of 680 to 900 nm and having prefer- 
ably a large refractive index and a small absorbance in a wavelength range of 770 to 830 nm. 

When the dye layer comprises a two-layer structure of the recording layer and the optical interference layer, the 
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optical constants (refractive index n and attenuation coefficient k) required for the recording layer containing the 
phthalocyanine compound are 1 .8 or more for n and 0.04 to 0.20 for k at the wavelength X 1 of the laser beams, and 1 . 1 
or more for n and 0.04 to 0.6 for k at the wavelength A, 2 - 

If n is a smaller value than the above range at the wavelength ^ , it is difficult to obtain the reflectance and the mod- 
5 ulation degree which satisfy the CD standards. The value of n smaller than the above range also at the wavelength %2 
makes it difficult to obtain the reflectance needed for reading signals accurately. 

Meanwhile, the value of k exceeding 0.20 at the wavelength A. 1 lowers the reflectance and makes it difficult to satisfy 
the CD standards, and the value of k less than 0.04 makes recording impossible. The value of k exceeding 0.6 at the 
wavelength not only increases the absorbance too much and does not provide the reflectance needed for reproduc- 
10 tion but also makes the signals to be liable to change by reproducing light. Accordingly, it is not suited to practical use. 
Considering recording at the wavelength \ 2 > k has to be 0.04 or more. 

In the substituents Y 1 to Y 8 in Formula (2) described above, the hydrocarbon group includes a saturated hydrocar- 
bon group such as methyl, ethyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, cyclohexyl and dimethylcy- 
clohexyl, and unsaturated hydrocarbon group such as ethenyl, butenyl, hexenyl, octenyl, dodecenyl, butynyl, heptynyl, 
is phenyl, methylphenyl, butylphenyl and hexylphenyl. These hydrocarbon groups may be linear, branched or cyclic and 
may be substituted with halogen, an amino group, a cyano group, an ether group or hydroxyl group. 

A halogen atom includes fluorine, chlorine, bromine and iodine. 

The substitution positions of the substituents of to Y 8 and to A 4 bonded to the benzene rings constituting a 
phthalocyanine ring shall not specifically be restricted, and the kind and number of the substituents may be different for 
20 the four benzene rings in the molecule. 

The divalent metal atom represented by M includes Cu, Zn, Fe, Co, Ni, Ru, Pd, Pt, Mg, Ti, Be, Ca, Ba, Pb and Cd, 
and one-substituted trivalent metal includes AI-CI, Al-Br, Ga-CI, Ga-Br, In-CI, In-Br, Ti-CI, Ti-Br, AI-C 6 H 5 , AI-C 6 H 4 (CH 3 ), 
ln-C 10 H 7 , Mn(OH), Mn(OC 6 H 5 ), Mn(OSi(CH 3 ) 3 ), FeCI and RuCI, and two-substituted tetravalent metal includes CrCI 2 , 
SiCI 2 , CeBr 2 , SnCI 2 , T1CI 2 , Mn(OH) 2 , Sn(OH) 2 , TiR 2 , CrR 2 , SiR 2> SnR 2 , GeR 2 (R represents an alkyl group, a phenyl 
25 group, a naphthyl group or a derivative thereof), TifOR'fe. Cr(OR') 2 , SKOR'fe and SnfOR 1 ^ (R* represents an alkyl 
group, a phenyl group, a naphthyl group, a trialkylsilyl group, a dialkylalkoxysilyl group or a derivative thereof], and oxy 
metal includes VO, MnO and TiO. 

The concrete examples of the above phthalocyanine compound include the following compounds (Formulas (a) to 
(c)). To be detailed, given are the compounds described in Japanese Patent Application Laid-Open No. 3-62878 (1 991 ), 
30 Japanese Patent Application Laid-Open No. 3-141582 (1991) and Japanese Patent Application Laid-Open No. 3- 
215466 (1991), and they can be synthesized by the methods described in these publications. 
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In Formula (a) described above, the compounds having the substituents and metals shown below: 
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Compound 


M 


A 


R 


a-1 


Pd 


H 


OCH(CH 3 )CH(CH 3 ) 2 


a-2 


Pd 


H 


OCH[CH(CH 3 )2] 2 


a-3 


Pd 


H 


OCH[CH(CH 3 )(C 2 H 5 )][CH(CH 3 ) 2 ] 


a-4 


Pd 


H 


OCH 2 CH(C2H5)C4H9 


a-5 


Ni 


N0 2 


OCH[CH(CH 3 )2] 2 


a-6 


Ni 


H 


S-n-CgH-17 


a-7 


Ni 


H 


S(CH 2 CH 2 0) 2 CH 3 


a-8 


Cu 


H 


OCH[CH(CH 3 )(C 2 H 5 )][CH(CH 3 ) 2 ] 


a-9 


VO 


H 


OCH 2 CH(C 2 H5)C 4 H 9 


a-10 


Cu 


H 


OCH 2 CH 2 OCH 2 CH 2 OCH 3 


a-11 


VO 


H 


OCH 2 (CF2) 3 CF 2 H 




In Formula (b) described above, the compounds having the substituents and metals shown below: 
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Compound 


M 


Xn 


R' 


b-1 


Pd 


Br 2 . 5 


OCH(CH 3 )CH(CH 3 ) 2 


b-2 


Pd 


Cl 8 


OCH[CH(CH 3 )2] 2 


b-3 


Pd 


Br 4 


OCH[CH(CH 3 )(C 2 H5)][CH(CH 3 ) 2 ] 


b-4 


Pd 


Br 4 


OCH(CH 3 )CH(CH 3 ) 2 


b-5 


Pd 


U 


OCH(CH 3 )CH(CH 3 ) 2 


b-6 


Pd 


I3.2 


OCH 2 CH(C 2 H5)C 4 H 9 


b-7 


Pd 


Br 4 


OCH[CH(CH 3 )2] 2 


b-8 


Pd 


Br 4 


OCH(CH 3 )CH 2 CH(CH 3 ) 2 


b-9 


Pd 


Br 3 . 5 


OCH(CH 3 )CH(CH 3 ) 2 



A' A* 




In Formula (c) described above, the compounds having the substituerrts and metals shown below: 
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Compound 


M 


A' 


FT 


FT 


c-1 


Pd 


H 


0(CH 2 ) 2 CH(CH 3 ) 2 


0(CH2) 2 CH(CH 3 ) 2 


C-2 


Pd 


CI 


0(CH 2 ) 2 CH(CH 3 ) 2 


0(CH2) 2 CH(CH 3 ) 2 


c-3 


Pd 


H 


O-n-CgH^ 


O-n-CsH^ 


C-4 


Pd 


CI 


0(CH 2 ) 2 CH(CH 3 ) 2 


0-n-C 4 H 9 


C-5 


Pd 


H 


OCH 2 CH(C2H5)C 4 H 9 


OCH 2 CH(C 2 H 5 )C 4 H 9 


C-6 


Ni 


SPh 


0-n-C 8 H 17 


0-n-C 8 H 17 


C-7 


Cu 


CI 


0(CH 2 ) 2 CH(CH 3 ) 2 


0(CH2) 2 CH(CH 3 ) 2 


C-8 


Al 


CI 


0(CH 2 ) 2 CH(CH 3 ) 2 


0(CH 2 ) 2 CH(CH 3 ) 2 


c-9 


VO 


CI 


0-n-C 8 H 17 


0-n-C 8 H 17 


c-10 


Cu 


CI 


0-n-C 8 H 17 


0-n-C 8 H 17 


c-11 


Cu 


CI 


0(CH 2 ) 2 N(C 2 H 5 ) 2 


OCH 3 


c-1 2 


Ni 


H 


0-n-C 8 H 17 


0-n-C 8 H 17 



These phthalocyanine compounds may be used alone or in a mixture of the plural compounds. 

25 A method for providing the dye layer in the present invention includes, for example, dipping, spraying, spin coating, 
casting, sputtering, chemical deposition and vacuum deposition, and the spin coating is preferred since it is simple. 

When a coating method such as spin coating is used, a coating solution prepared by dissolving or dispersing the 
azo compound represented by Formula (1) or the metal complex thereof and/or the phthalocyanine compound repre- 
sented by Formula (2) (hereinafter referred to as the dye) in a range of 0.05 to 30 weight %, preferably 0.5 to 20 weight 

30 % is used. In this case, a solvent which does not damage the substrate is preferably selected. The solvent includes, for 
example, alcohol series solvents such as methanol, ethanol, isopropanol, octafluoropentanol, allyl alcohol, methyl cel- 
losolve, ethyl cellosolve and tetraf luoropropanol, aliphatic or alicyclic hydrocarbon series solvents such as hexane, hep- 
tane, octane, decane, cyclohexane, methylcyclohexane, ethylcyciohexane and dimethylcyclohexane, aromatic 
hydrocarbon series solvents such as toluene, xylene and benzene, halogenated hydrocarbon solvents such as carbon 

35 tetrachloride, chloroform, tetrachloroethane and dibromoethane, ether solvents such as diethyl ether, dibutyl ether, 
diisopropyl ether and dioxane, ketone solvents such as acetone and 3-hydroxy-3-methyl-2-butanone, ester solvents 
such as ethyl acetate and methyl lactate, and water. They may be used alone or in a mixture of plural solvents. 

When the dye layer comprises a two-layer structure of the recording layer and the optical interference layer, the 
phthalocyanine compound used in the recording layer and the azo compound or the metal complex thereof used in the 

40 optical interference layer each dissolved in different polar solvents are used, and each is preferably not dissolved in the 
other solvent. 

The azo compound or the metal complex (dye) thereof used in the optical interference layer is dissolved in high 
polar solvents, for example, alcohol solvents and water, and coated, and the phthalocyanine compound (dye) used in 
the recording layer is dissolved in a low polar solvent, for example, aliphatic or alicyclic hydrocarbon solvents, aromatic 
45 hydrocarbon solvents, carbon tetrachloride and ether solvents, and coated. In order to decrease damage to a resin sub- 
strate or influence to a multilayer film, solvents for coating and forming the respective dye layers are preferably an 
aliphatic or alicyclic hydrocarbon solvent and a mixed solvent thereof with other solvents, and an alcohol solvent and a 
mixed solvent thereof with other solvents. A combination of the dyes soluble in the respective solvents is particularly 
desired. 

so It may be possible, if necessary, to disperse the dyes for the dye layer into a polymer film. 

When solvents which do not damage the substrate can not be selected, sputtering, chemical deposition and vac- 
uum deposition are effective. 

A film thickness of the dye layer shall not specifically be restricted and is preferably 50 to 300 nm. The film thickness 
of the dye layer smaller than 50 nm not only makes recording impossible or causes distortion on recording signals 
55 because of targe heat diffusion, but also decreases signal amplitudes. As a result the CD standards are not satisfied. 
Meanwhile, the film thickness larger than 300 nm lowers the reflectance to deteriorate the reproducing signal charac- 
teristics. 

When the dye layer comprises a two-layer structure of the recording layer and the optical interference layer, an 
average film thickness of the optical interference layer satisfies the following equation at the wavelengths of X-j and 
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and preferably is a thickness at which the reflectance becomes larger at the respective laser wavelengths: 

70=ini xdi=s300 

5 wherein ni is a refractive index of the optical interference layer, and di is a film thickness of the optical interference layer. 
In the case where ni x di is less than 70, the reflectance to light having the wavelength \ 2 is less than 15 %, and 
the modulation degree decreases as well. In the case where ni x di exceeds 300, the reflectance to light having the 
wavelength X, 1 is less than 65 %. 

If necessary, additives such as a quencher, a thermal decomposition promoter of dyes, a UV absorber and an 
10 adhesive may be blended with the dyes described above, or groups having such effects may be introduced as substit- 
uents into the dyes. 

Preferred as the quencher are metal complexes based on acetyl acetonates, bisdithio-a-diketones, bisdithiols such 
as bisphenyldithiol, thiocatechols, salicylaldehyde oximes and thiobisphenolates. Further, amines are suitable as well. 

The thermal decomposition promoter shall not specifically be restricted as long as promotion of thermal decompo- 
15 sition of the dyes can be confirmed by means of thermogravimetric analysis (TG analysis), and includes metal com- 
pounds such as metalic antiknocking agents, metallocene compounds and acetylacetonato metal complexes. 

Further, binders, leveling agents, and defoaming agents may be used as well in combination, if necessary. The pre- 
ferred binder includes polyvinyl alcohol, polyvinyl pyrrolidone, nitrocellulose, cellulose acetate, ketone resins, acrylic 
resins, polystyrene resins, urethane resins, polyvinyl butyral, polycarbonate, polyolefins, and the like. 
20 Further, dyes other than those described above may be added as well in order to improve recording characteristics. 

The examples of the dyes include pentamethinecyanine dyes, heptamethinecyanine dyes, squalillium dyes, naph- 
thoquinone dyes, azo dyes, naphthalocyanine dyes, phthalocyanine dyes and anthraquinone dyes. A blending ratio of 
these dyes falls in a level of 0.1 to 10 %. 

In forming the dye layer on the substrate, a layer comprising inorganic substances or polymers may be provided on 
25 the substrate in order to improve the solvent resistance of the substrate, reflectance and the recording sensitivity. 

The content of the azo compound represented by Formula (1) or the metal complex thereof and/or the phthalocy- 
anine compound represented by Formula (2) in the dye layer is 30 % or more, preferably 60 % or more. It may be sub- 
stantially 100%. 

Next, a reflective layer having a thickness of preferably 50 to 300 nm is formed on the dye layer described above. 

30 Substances providing sufficiently high reflectances at wavelengths of reproducing lights, for example, metals such as 
Au, Al, Ag, Cu, Ti, Cr, Ni, Pt, Ta, Cr and Pd can be used as a material for the reflective layer alone or in the form of alloys. 
Among them, Au and Al have the high reflectances and therefore are suitable to the material for the reflective layer. In 
addition to the above substances, the following ones may be contained. There may be included, for example, metals 
and semi-metals such as Mg, Se, Hf, V, Nb, Ru. W, Mn, Re, Fe, Co, Rh, Ir, Cu, Zn, Cd, Ga, In, Si, Ge, Te, Pb, Po, Sn 

35 and Bi. A substance containing Au as a main component is suitable since the reflective layer having a high reflectance 
can readily be obtained. The term "main component" means a component having a content of 50 % or more. A multi- 
layer film may be formed for the reflective layer with materials other than metals by laminating a thin film having a low 
refractive index and a thin film having a high refractive index after the other. 

Methods for forming the reflective layer include, for example, sputtering, ion plating, chemical deposition and vac- 

40 uum deposition. Further, a known inorganic or organic intermediate layer and an adhesive layer may be provided on the 
substrate or under the reflective layer in order to improve the reflectance and the recording characteristics. 

Further, a protective layer is formed on the reflective layer in order to protect the dye layer and the reflective layer. 
Two sheets of the media may be stuck together. 

Materials for the protective layer shall not specifically be restricted as long as they can protect the reflective layer 

45 from external force. The organic materials include thermoplastic resins, thermosetting resins, electron beam-curing res- 
ins, and UV-curing resins. The inorganic materials include Si0 2 , SiN 4 , MgF 2 , and Sn0 2 . The protective layer can be 
formed by applying a coating solution prepared by dissolving a thermoplastic resin or a thermosetting resin in a suitable 
solvent, and drying it. A UV curing resin is applied as it is or as a solution prepared by dissolving it in a suitable solvent, 
and it is irradiated with U V rays to cure, whereby the protective layer can be formed. Acrylate resins such as, for exam- 

50 pie, urethane acrylates, epoxy acrylates and polyester acrylates can be used as the UV-curing resin. These materials 
may be used alone or in a mixture, and they may be used not only in a single layer film but also in a multilayer film. 

Coating methods such as spin coating and casting, and methods such as sputtering and chemical deposition are 
used as a method for forming the protective layer as is the case with the recording layer. Among them, the spin coating 
is preferred. 

55 In general, the film thickness of the protective layer falls in a range of 0. 1 to 1 00 u.m. In the present invention, how- 
ever, it is 3 to 30 M/n, preferably 5 to 20 jim. 

Further, printing such as labeling can be applied on the protective layer. 

A film of a UV-curing resin or an inorganic film may be formed on a specular side of the substrate in order to protect 
the surface and prevent dusts from sticking thereon. 
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The optical recording medium of the present invention thus obtained can record and reproduce by focusing laser 
beams on the dye layer. Signals used in recording include, for example, EMF modulation signals used for CD. The 
medium of the present invention can be recorded and reproduced with laser beams having a wavelength of about 780 
nm since the reflectance of 65 % or more to light having a wavelength selected from 770 to 830 nm can be obtained. 

5 Further, recorded information can be r produced with commercial CD and CD-ROM players. The characteristics of the 
signals reproduced satisfy the orange book standards which are the standards of CD-R. Further, the medium of the 
present invention provides a reflectance of 15 % or more to light having a wavelength falling in a range of 620 to 690 
nm and therefore can be reproduced with an optical disc player for high density recording media loaded with a laser 
having a wavelength selected from arrange of 620 to 690 nm. Light used for players for high density recording media in 

10 the next age has a wavelength falling in a range of 620 to 690 nm. Lasers having wavelengths falling in this range 
include dye lasers, which have wavelengths to be selected in a wide range of a visible ray region, and a helium-neon 
laser having a wavelength of 633 nm. Further, semiconductor lasers which are put into practical use have a wavelength 
of, for example, 635 nm, 650 nm or about 680 nm. The medium of the present invention can be recorded as well with 
light having a wavelength selected from a range of 620 to 690 nm. 

15 

EXAMPLES 

The examples of the present invention shall be shown below but the present invention shall by no means be 
restricted by these examples. 

20 

Example 1: 

The azo compound (1 -1 9) of 0.2 g shown in Table-1 out of the azo compounds represented by Formula (1) and the 
phthalocyanine compound of 0.02 g represented by the chemical formula (a-1 1) described previously were dissolved in 
25 diacetone alcohol (produced by Tokyo Kasei K.K.) of 10 ml to prepare a dye solution. Used as a substrate was a disc 
(made of polycarbonate resin) having a diameter of 120 mm and a thickness of 1 .2 mm with a spiral pre-groove (track 
pitch: 1.6 jim). 

The dye solution was spin-coated on this substrate at a revolution of 1 500 rpm and dried at 70°C for 2 hours to form 
a recording layer. Au was sputtered on this recording layer with a sputtering equipment (CDI-900: manufactured by 
30 Balzers Co., Ltd.) to form a reflective layer having a thickness of 100 nm. Sputtering was carried out at a gas pressure 
of 1.0x1 0' 2 Torr. 

Further, a UV-curing resin SD-1 7 (manufactured by Dainippon Ink Chemical Ind. Co., Ltd.) was spin-coated on the 
reflective layer and then irradiated with UV rays to form a protective layer having a thickness of 6 jim. 

Recording was carried out on the optical recording medium thus obtained at a linear velocity of 5.6 m/s and a laser 
35 power of 10 mW with an optical disc evaluation apparatus DDU-1000 (manufactured by Pulstec Ind. Co., Ltd.) loaded 
with a red semiconductor laser head having a wavelength of 680 nm, and an EFM encoder (manufactured by Kenwood 
Co., Ltd.). After recording, the signals were reproduced with an evaluation apparatus loaded with a red semiconductor 
laser head having a wavelength of 635 nm to determine the reflectance. 

Further, this recorded sample was reproduced and evaluated with a commercial CD player having a reproducing 
40 wavelength of 780 nm to find that the sample showed good recording characteristics. 

Examples 2 to 28 : 

Optical recording media were produced in the same manner as described in Example 1 , except that the azo com- 
45 pounds described in Table-1 and the phthalocyanine compounds represented by the chemical formulas (a-10 to 1 1) 
described previously were used in combination. 

Recording was carried out on the optical recording media thus obtained in the same manner as that in Example 1 
at a linear velocity of 5.6 m/s and a laser power of 10 mW with the optical disc evaluation apparatus DDU-1000 (man- 
ufactured by Pulstec Ind. Co., Ltd.) loaded with the red semiconductor laser head having a wavelength of 680 nm and 
so the EFM encoder (manufactured by Kenwood Co., Ltd.). After recording, the same measurements as those in Example 
1 were carried out to find that the good recording characteristics were shown in any cases. 

Example 29: 

55 First, a solution prepared by dissolving 0.8 g of the phthalocyanine compound represented by the chemical formula 
(b-7) described previously in dimethylcyclohexane (produced by Tokyo Kasei K.K.) of 40 ml was used to form a record- 
ing layer by spin-coating. Then, the azo compound (1-31) described in Table-1 was used to form an interference layer 
on this recording layer on the same conditions as those in Example 1 , whereby an optical recording medium comprising 
two layers of the int rference layer and the recording layer was prepared. 
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Recording was carried out on the optical recording medium thus produced at a linear velocity of 2.8 m/s and a laser 
power of 8 mW with the optical disc evaluation apparatus DDIM000 (manufactured by Pulstec Ind. Co., Ltd.) loaded 
with a near infrared semiconductor laser head having a wavelength of 780 nn% and the EFM encoder (manufactured by 
Kenwood Co., Ltd.). After recording, the same measurements as in Example 1 were carried out to find that the good 
5 recording characteristics were shown in any cases. 

Further, the signals were reproduced with an evaluation apparatus loaded with a red semiconductor laser head 
having a wavelength of 680 nm to find that such good recording characteristics as the reflectance of 31 % were shown. 

Examples 30 to 46 : 

10 

Optical recording media were produced in the same manner as that described in Example 29. except that the azo 
compounds described in Table-1 and the phthalocyanine compounds represented by the chemical formulas (b-1 to c- 
10) described previously were used in combination. 

Recording was carried out on the optical recording media thus produced at a linear velocity of 2.8 m/s and a laser 
15 power of 8 mW with the optical disc evaluation apparatus DDLM000 (manufactured by Pulstec Ind. Co., Ltd.) loaded 
with the near infrared semiconductor laser head having a wavelength of 780 nm, and the EFM encoder (manufactured 
by Kenwood Co., Ltd.). After recording, the same measurements as those in Example 1 were carried out to find that the 
good recording characteristics were shown in any cases. 

Further, the signals were reproduced with the evaluation apparatus loaded with the red semiconductor laser head 
20 having a wavelength of 680 nm to find that such good recording characteristics as the reflectances of 30 % or more 
were shown in the respective cases. 

Ex ample 47 : 

25 First, a solution prepared by dissolving 0,8 g of the phthalocyanine compound represented by the chemical formula 
(b-7) described previously in dimethylcyclohexane (produced by Tokyo Kasei K.K.) of 40 ml was used to form a record- 
ing layer by spin-coating. Then, the azo compound (1-83) described in Table-1 was used to form an interference layer 
on this recording layer on the same conditions as those in Example 1 , whereby an optical recording medium comprising 
two layers of the interference layer and the recording layer was prepared. 

30 Recording was carried out on the optical recording medium thus produced at a linear velocity of 5.6 m/s and a laser 
power of 10 mW with the optical disc evaluation apparatus DDU-1000 (manufactured by Pulstec Ind. Co., Ltd.) loaded 
with the red semiconductor laser head having the wavelength of 680 nm, and the EFM encoder (manufactured by Ken- 
wood Co., Ltd.). After recording, the same measurements as those in Example 1 were carried out to find that the good 
recording characteristics were shown in any cases. 

35 Further, the signals were reproduced with the evaluation apparatus loaded with the red semiconductor laser head 
having a wavelength of 680 nm to find that such good recording characteristics as the reflectance of 30 % were shown. 

Example 48 : 

40 An optical recording medium was produced in the same manner as that described in Example 47, except that the 
azo compound (1-39) described in Table-1 and the phthalocyanine compound (b-7) represented by the chemical for- 
mula described previously were used in combination. 

Recording was carried out on the optical recording medium thus produced at a linear velocity of 5.6 m/s and a laser 
power of 10 mW with the optical disc evaluation apparatus DDU-1000 (manufactured by Pulstec Ind. Co., Ltd.) loaded 

45 with the red semiconductor laser head having a wavelength of 680 nm, and the EFM encoder (manufactured by Ken- 
wood Co., Ltd.). After recording, the same measurements as those in Example 1 were carried out to find that the good 
recording characteristics were shown in any cases. 

Further, the signals were reproduced with the evaluation apparatus loaded with the red semiconductor laser head 
having a wavelength of 680 nm to find that such good recording characteristics as the reflectance of 30 % were shown. 

so Shown in Table 2 together are the measured results of the reflectances in reproducing with the red semiconductor 
laser having a wavelength of 635 nm and the reflectances and the error rates in reproducing with a commercial CD 
player. 
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Table 2 





lfcsili-LOd-i- 


iuiuiuxa nUi 




ReDroduction 




Example 


Azo 


Phthalo- 
cyanine 


635 run 
Reflectance 

- L?J„ 


780 nm 
Reflec- Error rate 
tance (%) (cds) 


1 


1-19 


a-11 


27.9 


69.5 


6 


2 


1-20 


a-11 


31.5 


71.2 


7 


3 


1-21 


a-11 


29.4 


70.6 


5 


4 


1-22 


a-11 


29.6 


71.4 


8 


5 


1-23 


a-11 


31.2 


69.3 


5 


6 


1-24 


a-11 


30.1 ~"~ 


70.5 


9 


1 


1-25 


a-10 


34.3 


71.8 


5 


8 


1-26 


a-10 


33.2 


70.4 


5 


9 


1-27 


a-10 


32.7 


73.1 


7 


10 


1-28 


a-10 


32.1 


. 72.3 


4 


11 


1-29 


a-10 


31.4 


71.0 


6 


12 


1-30 


a-10 


33.8 


69.1 


7 


13 


1-63 


a-11 


34.0 


72.3 


6 


14 


1-64 


a-11 


31.2 


72.4 


6 


15 


1-65 


a-11 


31.6 


73.4 


4 


16 


1-66 


a-11 


34.7 


71.5 


6 


17 


1-67 


a-11 


32.1 


73.2 


8 


18 


1-68 


a-11 


30.4 


71.4 


5 


19 


1-69 


a-11 


31.3 


72.1 


4 


20 


1-70 


a-11 


33.3 


71.3 


5 


21 


1-71 


a-10 


29.8 


73.1 


6 


22 


1-72 


a-10 


33.2 


69.7 


7 


23 


1-73 


a-10 


33.0 


71.6 


7 


24 


1-74 


a-10 


29.7 


70.0 


9 


25 


1-75 


a-10 


28.3 


69.2 


5 


26 


1-76 


a-10 


32.7 


70.9 


7 


27 


1-77 


a-10 


32.7 


70.7 


8 


28 


1-78 


a-10 


31.5 


71.3 


5 
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Table 2 (continued) 



5 




Chemical 


formula No. 




Reproduction 






Example 


Azo 


Phthalo- 
cyanine 


635 run 
Reflectance 
(%) 


780 run 
Reflec- Error rate 
tance (%) (ens) 


10 


29 


1-31 


b-7 


32.6 


71.3 


4 


30 


1-32 


b-7 


33.0 


70.9 


5 




31 


1-34 


c-10 


29.6 


72.8 


4 




32 


1-35 


c-9 


32.2 


71.0 


7 


15 


33 


1-36 


c-7 


29.3 


69.7 


8 




34* 


1-37 


b-8 


32.3 ~ ~ 


72.2 


8 




35 


1-38 


b-1 


28.8 


70.7 


6 




36 


1-30 


b-6 


31.6 


71.5 


7 


20 


37 


1-79 


b-7 


33.3 


73.7 


4 




38 


1-80 


b-7 


33.4 


72.8 


4 




39 


1-81 


b-7 


32.1 


70.5 


5 


25 


40 


1-82 


b-7 




73.9 


8 


41 


1-84 


c-10 


29.7 


71.8 


7 




42 


1-85 


c-9 


31.2 


71.0 


8 




43 


1-86 


c-7 


30.6 


72.7 


8 


30 


44 


1-87 


b-8 


28.4 


68.6 


6 




45 


1-88 


b-1 


30.0 


70.3 


6 




46 


1-78 


b-6 


31.2 


72.3 


5 




47 


1-83 


b-7 


31.4 


72.1 


5 


35 


48 


1-39 


b-7 


32.1 


70.3 


6 



40 

Example 49 : 

The metal complex (1-93) of the azo compound of 0.2 g shown in Table-1 out of the metal complexes of the azo 
compounds represented by Formula (1) and 0.02 g of the phthalocyanine compound (a-10) represented by the chemi- 

45 cal formula described previously were dissolved in 2,2,3,3-tetrafluoro-1 -propanol of 10 ml to prepare a dye solution. 
Used as a substrate was a disc having a diameter of 120 mm and a thickness of 1 .2 mm, which was made of polycar- 
bonate resin and had a spiral pre-groove (track pitch: 1 .6 urn). 

The dye solution was spin-coated on this substrate at a revolution of 1 500 rpm and dried at 70°C for 2 hours to form 
a recording layer. Au was sputtered on this recording layer with the sputtering equipment (CDI-900: manufactured by 

so Balzers Co., Ltd.) to form a reflective layer having a thickness of 100 nm. Sputtering was carried out at a gas pressure 
of 1 .0 x 10' 2 Torr. Further, the UV-curing resin SD-1 7 (manufactured by Dainippon Ink Chemical Ind. Co., Ltd.) was spin- 
coated on the reflective layer and then irradiated with UV rays to form a protective layer having a thickness of 6 urn. 

EFM signals were recorded on this optical recording medium at a linear velocity of 2.8 m/s and a laser power of 8 
mW with a writer (CDD-521 : manufactured by Philiphs Co., Ltd.). After recording, the signals were reproduced with a 

55 commercial CD player (YAMAHA CDX-1050; laser wavelength: 786 nm) to determine the reflectance, the error rate and 
the modulation degree. As a result, the distortion of the reproducing wave form was small, and therefore the good val- 
ues satisfying the orange book standards were shown. Next, the signals recorded on this medium were reproduced with 
the optical disc evaluation apparatus (DDU-1000: manufactured by Pulstec Ind. Co., Ltd.) loaded with a red semicon- 
ductor laser head having wavelengths of 680 nm and 635 nm to determine the reflectance, the error rate and the mod- 
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ulation degree (13/ltop) of the shortest pit. it has been confirmed that the good values are shown in any cases. 

Next, recording was carried out on this medium at a linear velocity of 5.6 m/s and a laser power of 10 mW with the 
optical disc evaluation apparatus (DDU-1000: manufactured by Pulstec Ind. Co., Ltd.) loaded with the red semiconduc- 
tor laser head having a wavelength of 680 nm, and the EFM encoder (manufactured by Kenwood Co., Ltd.). After 

5 recording, the signals were reproduced with an evaluation apparatus loaded with a red semiconductor laser head hav- 
ing wavelengths of 680 nm and 635 nm to determine the reflectance, the error rate and the 13/ltop. The good values 
were shown in any cases. The signals recorded on the medium with the above drive (DDU-1000) having a wavelength 
of 680 nm were reproduced with the commercial CD player (YAMAHA CDX-1050; laser wavelength: 786 nm) to deter- 
mine the reflectance, the error rate and the 13/ltop. The good values satisfying the orange book standards were shown 

10 in any cases. 

Examples 50 to 54 : 

Optical recording media were produced in the same manner as that described in Example 49, except that the metal 
is complexes of the azo compounds described in Table-1 out of the metal complexes of the azo compounds represented 
by Formula (1), and the phthalocyanine compounds represented by the chemical formulas (a-10 to 1 1) described pre- 
viously were used in combination (shown in Table 3). 

The media thus produced recorded and was evaluated in the same manners as those in Example 49. As a result, 
it has been confirmed that the good values are shown in any cases. 

20 

Example 55 : 

The metal complex (1-89) of the azo compound of 0.2 g shown in Table-1 out of the metal complexes of the azo 
compounds represented by Formula (1) was dissolved in 2,2,3.3-tetrafluoro-l-propanol of 10 ml to prepare a dye solu- 
25 tionl. 

Used as a substrate was a disc having a diameter of 120 mm and a thickness of 1 .2 mm, which was made of poly- 
caibonate resin and had a spiral pre-groove (1 70 nm thick, 0.5 pm wide, track pitch: 1 .6 iim). 

The dye solution 1 was spin-coated on this substrate at a revolution of 1500 rpm and dried at 70°C for 3 hours to 
form a dye optical interference layer. With respect to the optical constants of this optical interference layer, the refractive 
30 index was 1 .9 and the attenuation coefficient was 0.05 at 780 nm; the refractive index was 2.1 and the attenuation coef- 
ficient was 0.04 at 680 nm; and the refractive index was 2.5 and the attenuation coefficient was 0. 1 0 at 635 nm. Accord- 
ingly, the products (ni x di) of the refractive indices and the film thickness at 780, 680 and 635 nm were 152, 168 and 
200, respectively. 

Further, a dye solution 2 prepared by dissolving 0.25 g of the phthalocyanine compound (c-2) represented by the 
35 chemical formula described previously in 1 ,2-dimethylcyclohexane of 1 0 ml was spin-coated at a revolution of 1 600 rpm 
and dried at 70°C for 2 hours to form a recording layer. With respect to the optical constants of this recording layer, the 
refractive index was 2.2 and the attenuation coefficient was 0.08 at 780 nm; the refractive index was 1 .2 and the atten- 
uation coefficient was 0.49 at 680 nm; and the refractive index was 1 .2 and the attenuation coefficient was 0.34 at 635 
nm. 

40 Next, Au was sputtered on this recording layer with the sputtering equipment (CDI-900: manufactured by Balzers 
Co., Ltd.) to form a reflective layer having a thickness of 100 \itr\. Further, the UV-curing resin SD-17 (manufactured by 
Dainippon Ink Chemical Ind. Co., Ltd.) was spin-coated on the reflective layer, and then irradiated with UV rays to form 
a protective layer having a thickness of 6 nm, whereby an optical recording medium was prepared. 

EFM signals were recorded on this optical recording medium at a linear velocity of 2.8 m/s and a laser power of 8 

45 mW with the writer (CDD-521 : manufactured by Philiphs Co., Ltd.). After recording, the signals were reproduced with 
the commercial CD player (YAMAHA CDX-1050; laser wavelength: 786 nm) to determine the reflectance, the error rate 
and the modulation degree. As a result, the distortion of the reproducing wave form was small, and therefore the good 
values satisfying the orange book standards were shown. Next, the signals recorded on this medium were reproduced 
with the optical disc evaluation apparatus (DDU-1000: manufactured by Pulstec Ind. Co., Ltd.) loaded with the red sem- 

so iconductor laser head having wavelengths of 680 nm and 635 nm to determine the reflectance, the error rate and the 
modulation degree (I3/Itop) of the shortest pit. The good values were shown in any cases. 

Next, recording was carried out on this medium at a linear velocity of 5.6 m/s and a laser power of 10 mW with the 
optical disc evaluation apparatus (DDU-1000: manufactured by Pulstec Ind. Co., Ltd.) loaded with the red semiconduc- 
tor laser head having a wavelength of 680 nm and the EFM encoder (manufactured by Kenwood Co., Ltd.). After record- 

55 ing, the signals were reproduced with the evaluation apparatus loaded with the red semiconductor laser head having 
wavelengths of 680 nm and 635 nm to determine the reflectance, the error rate and the 13/ttop. The good values were 
shown in any cases. The signals recorded on the medium with the above drive (DDU-1 000) having a wavelength of 680 
nm were reproduced with the commercial CD player (YAMAHA CDX-1050; laser wavelength: 786 nm) to determine the 
reflectance, the error rate and the 13/ltop. The good values satisfying the orange book standards were shown in any 
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cases. 

Examples 56 to 58: 

Optical recording media each having a recording layer formed on an optical interference layer were produced in the 
same manner as that described in Example 55, except that the metal complexes of the azo compounds described in 
Table-1 out of the metal complexes of the azo compounds represented by Formula (1), and the phthalocyanine com- 
pounds represented by the chemical formulas (b-3 and c-2) described previously were used in combination (shown in 
Table-3). 

The media thus produced was recorded at 780 nm and 680 nm and reproduced at 786 nm, 680 nm and 635 nm in 
the same manners as those in Example 55. As a result, the good recording characteristics were shown in any of the 
above wavelengths. 

Example 59 : 

An optical recording medium was prepared in the same manner as that described in Example 55, except that the 
coating order was reversed and that the phthalocyanine compound (c-2) represented by the chemical formula 
described previously was applied for a recording layer and the metal complex (1 -89) of the azo compound described in 
Table-1 was applied thereon for an optical interference layer. 

The medium thus prepared was recorded and reproduced in the same manners as those in Example 55. As a 
result, the good recording characteristics were shown in any of the wavelengths. 

Examples 6Q to 133: 

Optical recording media each having an optical interference layer formed on a recording layer were prepared and 
evaluated in the same manners as those described in Example 59, except that the metal complexes of the azo com- 
pounds described in Table-1 and the phthalocyanine compounds represented by the chemical formulas (a-6 to c-2) 
described previously were used in combination. 

Described in TaWe-3 are the combinations of the dyes, the optical constants [refractive index (n) and attenuation 
coefficient (k)] of the recording layers and the optical interference layers at 780, 680 and 635 nm, the film thicknesses 
of the optical interference layers and the ni x di values. 

All the media had large modulation degrees and small error rates and jitters in a recording mode of high to low at 
the respective wavelengths of 780, 680 and 635 nm, and therefore very good reproductions could be made. 
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45 Comparative Example 1 : 

An optical recording medium was prepared in the same manner as that in Example 55, except that the thickness of 
the optical interference layer comprising the azo compound was changed to 35 nm. The products (ni x di) of the refrac- 
tive indices and the film thickness of the optical interference layer at 780, 680 and 635 nm were 67, 74 and 88, respec- 
50 tively 

The medium thus prepared was evaluated in the same manner as that described in Example 55 to find that the 
reproducing signal wave forms were distorted at the respective wavelengths of 680 and 635 nm, and the reflectance 
was low. 

55 Comparative Example 2: 

An optical recording medium was prepared in the same manner as that described in Example 59, except that the 
thickness of the optical interference layer comprising the azo compound was changed to 160 nm. The products (ni x di) 
of the refractive indices and the film thickness of the optical interference layer at 780, 680 and 635 nm were 304, 336 
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and 400, respectively. 

Hie medium thus prepared was evaluated in the same manner as that in Example 59 to find that the reproducing 
signal wave forms were distorted at the respective wavelengths of 786, 680 and 635 nm, and the reflectance was low 
as well. 

5 

fompqrativs Example 3: 

An optical recording medium was prepared in the same manner as that described in Example 49, except that only 
the metal complex (1-93) of the azo compound described in Table- 1 was used in the dye layer. 
10 The medium thus prepared was evaluated in the same manner as that in Example 49 to find that recording could 
not be carried out at 780 nm and the sensitivity was low at 680 nm, which therefore made fine recording impossible. 

Comparative Example 4: 

is An optical recording medium was prepared in the same manner as that described in Example 49, except that only 
the phthalocyanine compound (a-10) represented by the chemical formula described previously was used in the dye 
layer 

The medium thus prepared was evaluated in the same manner as that in Example 49 to find that the wave form was 
distorted and the reflectances at 635 and 680 nm were low. 
20 Described in Table-4 together are the reproducing signal characteristics [reflectance (%), error rate (cps) and mod- 
ulation degree (13/ltop)] at 786, 680 and 635 nm when the respective media described above were recorded at 780 and 
680 nm, respectively. 
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Claims 

1 . An optical recording medium comprising at least a dye layer, a reflective layer and a protectiv layer provided on a 
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substrate, wherein an azo compound represented by the following Formula (1) or a metal complex thereof having 
an absorption maximum at a wavelength falling in a range of 450 to 630 nm and a phthalocyanine compound rep- 
resented by the following Formula (2) having an absorption maximum at a wavelength falling in a range of 680 to 
900 nm are contained in said dye layer: 



10 




t5 wherein and R 2 represent independently a hydrogen atom, an alkyl group having 1 to 15 carbon atoms, 
an aryi group having 6 to 21 carbon atoms, 
an aralkyt group having 7 to 22 carbon atoms, or 
an alkenyl group having 2 to 16 carbon atoms; 

R3. R 4 , R 5 and R$ represent independently a hydrogen atom, a halogen atom, a hydroxy! group, a carboxyl group, 
20 a sulfonic acid group, a sulfonamide group, an amino group, an alkyl group having 1 to 1 5 carbon atoms, an alkoxyl 

group having 1 to 15 carbon atoms, 

an aryl group having 6 to 21 carbon atoms, 

an acyl group having 1 to 15 carbon atoms, 

an alkylcarboxyi group having 2 to 16 carbon atoms, 
25 an aralkyl group having 2 to 22 carbon atoms, 

an alkylcarbonylamino group having 2 to 16 carbon atoms, 

an alkylsulfoamino group having 1 to 15 carbon atoms, an alkylamino group having 1 to 15 carbon atoms, 
an alkylsulfbnyl group having 1 to 15 carbon atoms, 
or an alkenyl group having 2 to 16 carbon atoms; 

30 R-| and R4, R 2 and Rg, and R-j and 

R 2 may form rings ; R 7 represents a hydrogen atom, a halogen atom, a hydroxyl group, a carboxyi group, a sulfonic 
acid group, a sulfonamide group, an amino group, an alkyl group having 1 to 15 carbon atoms, an alkoxyl group 
having 1 to 15 carbon atoms, an aryl group having 6 to 21 carbon atoms, an acyl group having 1 to 15 carbon 
atoms, an alkylcarboxyi group having 2 to 16 carbon atoms, an aralkyl group having 7 to 22 carbon atoms, an alkyl- 

35 carbonylamino group having 2 to 16 carbon atoms, an alkylsulfoamino group having 1 to 15 carbon atoms, 
an alkylamino group having 1 to 15 carbon atoms, an alkylsulfonyl group having 1 to 15 carbon atoms, 
an alkenyl group having 2 to 16 carbon atoms, a cyano group, a nitro group, a mercapto group, a thiocyano group, 
a chlorosuffonic acid group, an alkylthio group having 1 to 15 carbon atoms, 
an alkylazomethine group having 2 to 16 carbon atoms, 

40 or an alkyiaminosulfonyl group having 1 to 15 carbon atoms; X represents a sulfur atom or N-R 8 (wherein R 8 rep- 
resents a hydrogen atom, an alkyl group having 1 to 15 carbon atoms, 
an aryl group having 6 to 21 carbon atoms, 

an aralkyl group having 7 to 22 carbon atoms, or an alkenyl group having 2 to 16 carbon atoms); Y represents a 
nitrogen atom or C-R 9 (wherein R 9 is synonymous with those described in R 7 ); provided that when X is a sulfur 
45 atom, Y is a nitrogen atom, and when X is N-R 8 , Y is C-R 9 : 
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(2) 



wherein Y 1( Y 2 , Y 3 , Y 4> Y 5 , Y 6p Y 7> and Y 8 represent independently a hydrogen atom, 
a hydrocarbon group having 1 to 20 carbon atoms, 
an alkoxyl group having 1 to 20 carbon atoms, 

or an alkytthio group having 1 to 20 carbon atoms; in the respective combinations of and Y 2 , Y 3 and Y 4 , Y 5 and 
Y 6 and Y 7 and Y 8 , they may be combined to form rings when they are adjacent to each other; A 1f A 2 , A 3 and A4 
represent independently a halogen atom or a nitro group; h , l 2l 13 and l 4 represent an integer of 0 to 3; m 1 m 2 , nri3 
and m 4 represent an integer of 0 to 3; and M represent two hydrogen atoms, a divalent metal atom, a trivalent or 
tetravalent substituted metal atom, or an oxy metal. 

An optical recording medium as described in claim 1 , wherein the compound contained in the dye layer and having 
an absorption maximum at a wavelength falling in a range of 450 to 630 nm is a metal complex of an azo compound 
represented by the following Formula (3): 



wherein R v R 2 , R 4 , R 5 , and R 6 are synonymous with those described in Formula (1); R 10 represents a hydroxyl 
group or a carboxyl group; and ^ represents a hydrogen atom or a halogen atom. 

An optical recording medium as described in claim 1 , wherein the dye layer comprises a single layer structure con- 
taining a mixture of the azo compound represented by Formula (1 ) or the metal complex thereof having an absorp- 
tion maximum at a wavelength falling in a range of 450 to 630 nm and the phthalocyanine compound represented 
by Formula (2) having an absorption maximum at a wavelength falling in a range of 680 to 900 nm. 

An optical recording medium as described in claim 1 , wherein the dye layer comprises a two-layer structure of an 
optical interference layer containing the azo compound represented by Formula (1) or the metal complex thereof 
having an absorption maximum at a wavelength falling in a range of 450 to 630 nm and a recording layer containing 
the phthalocyanine compound represented by Formula (2) having an absorption maximum at a wavelength falling 
in a range of 680 to 900 nm. 

An optical recording medium as described in claim 4, wherein an equation of 70^ni x di^300 applies to light hav- 
ing a wavelength used for recording and reproducing, wherein ni represents a real part of a complex refractive 
index and di represents a layer thickness in the optical interference layer. 

An optical recording medium as described in any of claims 1 to 5, capable of recording and/or reproducing with a 
laser beam having a wavelength \<\ selected from wavelengths falling in a range of 770 to 830 nm and capable of 
recording and/or reproducing as well with a laser beam having a wavelength X 2 selected from -wavelengths falling 




(3) 
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7. An optical recording medium as described in claim 6, capable of reproducing with a laser beam having the wave- 
length X2. 

8. An optical recording medium as described in claim 6 or 7, wherein the laser beam having the wavelength ^ has a 
reflectance of 65 % or more, and the laser beam having the wavelength X 2 has a reflectance of 1 5 % or more, which 
are measured through the substrate. 



10 9. An optical recording medium as described in claim 8, wherein the laser beam having the wavelength X 2 n as a 
reflectance of 20 % or more, which is measured through the substrate. 

10. A metal complex of an azo compound represented by Formula (4). 



15 



20 



Me 



2 + 



(4) 



— ' 2 



wherein R t and R 2 represent independently a hydrogen atom, an alkyl group having 1 to 15 carbon atoms. 
25 an aryl group having 6 to 21 carbon atoms, 

an aralkyl group having 7 to 22 carbon atoms, or 

an alkenyl group 2 to 16 carbon atoms; 

Rn represents a hydrogen atom or a halogen atom; 

Me represents nickel, cobalt, copper, palladium, iron and zinc. 
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Fig. 1 
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